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Specification 



Power Module for AC/ AC Power Conversion 



Technical Field 



The present invention relates to a power module for AC/AC power 
conversion. More particularly, the present invention relates to a power 
module for converting an AC voltage to a desired AC voltage using a 
converter and an inverter- 
Related Art 

For long years, a power module with two switches or a power module with 
four switches was a device only which has been used excessively within 
the power conversion field. Main reasons for standardizing those power 
modules are for simplicity and for universal application. Such type of 
power modules are commercially supplied under various names such as an 
integrated gate bipolar transistor module "IGBT MOD", an intelligent 
module "ASIPM" for specific application, and a dual inline package 
intelligent power module "DIP-IPM". All the above example are 
developed to improve only conditions of load-side application. But, 
grid-side was always ignored because of lack of the reason for severe 
competition. 

In recent years, EMC regulation and worldwide market economy have 
changed their conditions very rapidly. And, a new type of power module 
has introduced in the market. 

First, a matrix module was introduced from Olaf Simon, et al, "Modem 
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Solution for Industrial Matrix-Converter Applications", IEEE Transactions 
on Industrial Electronics pp/40 1-406, Vol.49, No.2, April 2002 and Patrick 
W. Wheeler, et al, "Matrix converter: A Technology Review", IEEE 
Transactions on Industrial Electronics pp/276-288, Vol.49, No.2, April 
2002. As is illustrated in Fig. 1, this module intends AC-AC conversion 
in three phase. 

Second, an active-filter intelligent power module "A/F IPM" was proposed 
from G. Mjumdar, et al, "Intelligent power module applications", IEEJ 
Technical Report No. 842, pp. 13-19, Jun 2001. As is illustrated in Fig. 2, 
"A/F IPM" intends power factor correction on grid-side for single phase 
application. 

Problems of prior power modules are as follows: 

1) In general, due to the standard design, external circuits are required for 
a specific application such as power factor correction on grid-side; 

2) The design should be changed according to each of application 
categories such as a power supply type (200V, 100V, 400V, .. , or the like) 
and a load type such as a motor for 200V, or a motor for 400V. This 
results in increase in model types. This means the increase in cost of final 
products. 

3) The proposed matrix module has advantage in that realization of three 
phase-three phase system can serve all systems. But, it cannot be applied 
to single phase/three phase system. Because the application is restricted 
only to three phase/three phase system and three phase/single phase system. 
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4) "A/F EPM" cannot be applied for three phase-three phase conversion 
for the purpose of specific applications. 

The present invention was made in view of the above problems. 

It is an object of the present invention to provide a power module which 

can easily be dealt with various types of power modules. 

Disclosure of the Invention 

A power module for AC/ AC power conversion of a first aspect is a power 
module in which multiple converter components constituting a multiple 
phase converter, multiple smoothing condensers, and multiple inverter 
components constituting a multiple phase inverter can be mounted on a 
substrate which has been formed necessary wirings, 

the power module is arranged in that at least a part of converter 
components, at least a part of smoothing condensers, and at least a part of 
inverter components complying with required specification of the power 
module are mounted on the substrate, and that necessary jumper means are 
provided. 

A power module for AC/ AC power conversion of a second aspect employs 
a three phase converter as the multiple phase converter, determines the 
number of smoothing condensers to be 2, and employs a three phase 
inverter as the multiple phase inverter. 

In a power module for AC/AC power conversion of a third aspect, the three 
phase converter comprises a pair of transistors serially connected to one 
another for each phase, and diodes each connected in parallel to each 
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transistor, at least a part of diodes and/or at least a part of transistors and 
diodes complying with the required specification of the power module are 
mounted on the substrate, and necessary jumper means are provided. 
In a power module for AC/ AC power conversion of a fourth aspect, the 
three phase converter comprises a pair of transistors serially connected to 
one another for each phase, and reflux diodes each connected in parallel to 
each of the transistors, at least a part of diodes and/or at least a part of 
transistors and diodes complying with the required specification of the 
power module are mounted on the substrate, and necessary jumper means 
are provided. 

In a power module for AC/AC power conversion of a fifth aspect, the three 
phase converter comprises transistors serially connected to one another and 
a pair of first diodes reversely connected for each phase, and a diode bridge 
having a pair of connection points opposing to one another, each of the 
connection points being connected to the emitter terminal of the transistor 
and the collector terminal of the transistor, and having another pair of 
connection points which are determined to be input and output points, at 
least a part of transistors, the diode bridge, and the first diodes complying 
with the required specification of the power module are mounted on the 
substrate, and necessary jumper means are provided. 

In a ppwer module for AC/ AC power conversion of a sixth aspect, the three 
phase converter comprises transistors serially connected to one another and 
a pair of first diodes reversely connected for each phase, and a diode bridge 
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having a pair of connection points opposing to one another, each of the 
connection points being connected to the emitter terminal of the transistor 
and the collector terminal of the transistor, and having another pair of 
connection points which are determined to be input and output points, only 
at least a part of first diodes complying with the required specification of 
the power module are mounted on the substrate, and necessary jumper 
means are provided. 

In a power module for AC/ AC power conversion of a seventh aspect, the 
three phase converter comprises transistors serially connected to one 
another and a pair of first diodes reversely connected for each phase, and a 
diode bridge having a pair of connection points opposing to one another, 
each of the connection points being connected to the emitter terminal of the 
transistor and the collector terminal of the transistor, and having another 
pair of connection points which are determined to be input and output 
points, at least a part of transistors and the diode bridge complying with the 
required specification of the power module are mounted on the substrate, at 
least a part of first diodes complying with the required specification of the 
power module are mounted on the substrate, and necessary jumper means 
are provided. 

In a power module for AC/ AC power conversion of an eighth aspect, the 
three phase converter comprises transistors serially connected to one 
another and a pair of first diodes forwardly connected for each phase, and 
pairs of second diodes each reversely connected between the emitter 
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terminal of the transistor and the collector terminal of the transistor, each 
pair of second diodes being serially connected to one another, at least a part 
of transistors and second diodes complying with the required specification 
of the power module are mounted on the substrate, at least a part of first 
diodes complying with the required specification of the power module are 
mounted on the substrate, and necessary jumper means are provided. 
In a power module for AC/AC power conversion of a ninth aspect, the 
three phase converter comprises transistors serially connected to one 
another and a pair of first diodes forwardly connected for each phase, and 
pairs of second diodes each reversely connected between the emitter 
terminal of the transistor and the collector terminal of the transistor, each 
pair of second diodes being serially connected to one another, only at least 
a part of first diodes complying with the required specification of the power 
module are mounted on the substrate, and necessary jumper means are 
provided. 

In a power module for AC/ AC power conversion of a tenth aspect, only at 
least a part of diodes are mounted on the substrate, and a reactor is 
connected outside of the exterior between the converter and the smoothing 
condenser. 

In a power module for AC/AC power conversion of an eleventh aspect, 
only at least a part of first diodes are mounted on the substrate, and a 
reactor is connected outside of the exterior between the converter and the 
smoothing condenser. 
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In a power module for AC/ AC power conversion of a twelfth aspect, a 
reactor is connected in parallel to the converter, and a third diode is 
reversely connected between the reactor and the smoothing condenser. 
In a power module for AC/AC power conversion of a thirteenth aspect, a 
fourth diode is forwardly connected in parallel to the converter, and a 
reactor is connected between the fourth diode and the smoothing condenser. 
A power module for AC/ AC power conversion of a fourteenth aspect is a 
power module in which multiple converter components constituting a 
multiple phase converter, and multiple inverter components constituting a 
multiple phase inverter can be mounted on a substrate which has been 
formed necessary wirings, 

the power module is arranged in that at least a part of converter 
components, at least a part of smoothing condensers, and at least a part of 
inverter components complying with required specification of the power 
module are mounted on the substrate, and that necessary jumper means are 
provided. 

A power module for AC/AC power conversion of a fifteenth aspect further 
comprises junction means to which a smoothing condenser can be 
connected. 

A power module for AC/AC power conversion of a sixteenth aspect 
employs a three phase converter as the multiple phase converter which can 
be mounted on the substrate, and employs a three phase inverter as the 
multiple phase inverter which can be mounted on the substrate. 
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In a power module for AC/AC power conversion of a seventeenth aspect, a 
three phase converter comprising a pair of transistors serially connected to 
one another for each phase, and diodes each connected in parallel to each 
transistor, is employed as the three phase converter, at least a part of diodes 
and/or at least a part of transistors and diodes complying with required 
specification of the power module are mounted on the substrate, and 
necessary jumper means are provided. 

In a power module for AC/ AC power conversion of an eighteenth aspect, a 
three phase converter comprising a pair of transistors serially connected to 
one another for each phase, and diodes each connected in parallel to each 
transistor, is employed as the three phase inverter, at least a part of 
transistors and diodes complying with required specification of the power 
module are mounted on the substrate, and necessary jumper means are 
provided. 

In a power module for AC/AC power conversion of a nineteenth aspect, a 
three phase converter comprising transistors serially connected to one 
another and a pair of first diodes reversely connected for each phase, and a 
diode bridge having a pair of connection points opposing to one another, 
each of the connection points being connected to the emitter terminal of the 
transistor and the collector terminal of the transistor, and having another 
pair of connection points which are determined to be input and output 
points, is employed as the three phase converter, at least a part of transistors, 
the diode bridge, and the first diodes complying with the required 
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specification of the power module are mounted on the substrate, and 
necessary jumper means are provided. 

In a power module for AC/ AC power conversion of a twentieth aspect, a 
three phase converter comprising transistors serially connected to one 
another and a pair of first diodes reversely connected for each phase, and a 
diode bridge having a pair of connection points opposing to one another, 
each of the connection points being connected to the emitter terminal of the 
transistor and the collector terminal of the transistor, and having another 
pair of connection points which are determined to be input and output 
points, is employed as the three phase converter, only at least a part of first 
diodes complying with the required specification of the power module are 
mounted on the substrate, and necessary jumper means are provided. 
In a power module for AC/AC power conversion of a 21st aspect, a three 
phase converter comprising transistors serially connected to one another 
and a pair of first diodes reversely connected for each phase, and a diode 
bridge having a pair of connection points opposing to one another, each of 
the connection points being connected to the emitter terminal of the 
transistor and the collector terminal of the transistor, and having another 
pair of connection points which are determined to be input and output 
points, is employed as the three phase converter, at least a part of transistors 
and the diode bridge complying with the required specification of the 
power module are mounted on the substrate, at least a part of first diodes 
complying with the required specification of the power module are 
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mounted on the substrate, and necessary jumper means are provided. 
In a power module for AC/AC power conversion of a 22nd aspect, a three 
phase converter comprises transistors serially connected to one another and 
a pair of first diodes forwardly connected for each phase, and pairs of 
second diodes each reversely connected between the emitter terminal of the 
transistor and the collector terminal of the transistor, each pair of second 
diodes being serially connected to one another, is employed as the three 
phase converter, at least a part of transistors and second diodes complying 
with the required specification of the power module are mounted on the 
substrate, at least a part of first diodes complying with the required 
specification of the power module are mounted on the substrate, and 
necessary jumper means are provided. 

In a power module for AC/ AC power conversion of a 23rd aspect, a three 
phase converter comprising transistors serially connected to one another 
and a pair of first diodes forwardly connected for each phase, and pairs of 
second diodes each reversely connected between the emitter terminal of the 
transistor and the collector terminal of the transistor, each pair of second 
diodes being serially connected to one another, is employed as the three 
phase converter, only at least a part of first diodes complying with the 
required specification of the power module are mounted on the substrate, 
and necessary jumper means are provided. 

In a power module for AC/AC power conversion of a 24th or 25th aspect, 
only at least a part of diodes are mounted on the substrate, and junction 
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means are provided for allowing the reactor being connected between the 
converter and the smoothing condenser. 

In a power module for AC/AC power conversion of a 26th aspect, only at 
least a part of first diodes are mounted on the substrate, and junction means 
are provided for allowing the reactor being connected between the 
converter and the smoothing condenser. 

In a power module for AC/AC power conversion of a 27th aspect, a reactor 
is connected in parallel to the converter, and a third diode is reversely 
connected between the reactor and the smoothing condenser. 
In a power module for AC/AC power conversion of a 28th aspect, a fourth 
diode is forwardly connected in parallel to the converter, and a reactor is 
connected between the fourth diode and the smoothing condenser. 
In the power module for AC/ AC power conversion of the first aspect, 
multiple converter components constituting the multiple phase converter, 
multiple smoothing condensers, and multiple inverter components 
constituting the multiple phase inverter can be mounted on the substrate 
which has been formed necessary wirings, and the power module is 
arranged in that at least a part of converter components, at least a part of 
smoothing condensers, and at least a part of inverter components 
complying with required specification of the power module are mounted on 
the substrate, and that necessary jumper means are provided. Therefore, 
various power modules such as a power module for multiple phase — 
multiple phase conversion, a power module for single phase - multiple 
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phase conversion, and the like, can easily be realized. 

In the power module for AC/AC power conversion of the second aspect, 
the three phase converter is employed as the multiple phase converter, the 
number of smoothing condensers is determined to be 2, and the three phase 
inverter is employed as the multiple phase inverter. Therefore, various 
power modules such as a power module for three phase - three phase 
conversion, a power module for single phase - three phase conversion, and 
the like, can easily be realized. 

In the power module for AC/AC power conversion of the third aspect, the 
three phase converter comprises the pair of transistors serially connected to 
one another for each phase, and diodes each connected in parallel to each 
transistor, at least a part of diodes and/or at least a part of transistors and 
diodes complying with the required specification of the power module are 
mounted on the substrate, and necessary jumper means are provided. 
Therefore, various power modules such as a power module for three phase 
- three phase conversion, a power module for single phase - three phase 
conversion, and the like, can easily be realized. 

In the power module for AC/ AC power conversion of the fourth aspect, the 
three phase converter comprises the pair of transistors serially connected to 
one another for each phase, and reflux diodes each connected in parallel to 
each of the transistors, at least a part of diodes and/or at least a part of 
transistors and diodes complying with the required specification of the 
power module are mounted on the substrate, and necessary jumper means 
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are provided. Therefore, various power module can also and easily be 
realized which can satisfy the EEC regulation for harmonic current 
emissions. 

In the power module for AC/AC power conversion of the fifth aspect, the 
three phase converter comprises transistors serially connected to one 
another and the pair of first diodes reversely connected for each phase, and 
the diode bridge having the pair of connection points opposing to one 
another, each of the connection points being connected to the emitter 
terminal of the transistor and the collector terminal of the transistor, and 
having another pair of connection points which are determined to be input 
and output points, at least a part of transistors, the diode bridge, and the 
first diodes complying with the required specification of the power module 
are mounted on the substrate, and necessary jumper means are provided. 
Therefore, various power module can also and easily be realized which can 
satisfy the IEC regulation for harmonic current emissions. 
In the power module for AC/AC power conversion of the sixth aspect, the 
three phase converter comprises transistors serially connected to one 
another and the pair of first diodes reversely connected for each phase, and 
the diode bridge having the pair of connection points opposing to one 
another, each of the connection points being connected to the emitter 
terminal of the transistor and the collector terminal of the transistor, and 
having another pair of connection points which are determined to be input 
and output points, only at least a part of first diodes complying with the 
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required specification of the power module are mounted on the substrate, 
and necessary jumper means are provided. Therefore, various power 
modules such as a power module for three phase - three phase conversion, 
a power module for single phase - three phase conversion, and the like, can 
easily be realized. 

In the power module for AC/AC power conversion of the seventh aspect, 
the three phase converter comprises transistors serially connected to one 
another and the pair of first diodes reversely connected for each phase, and 
the diode bridge having the pair of connection points opposing to one 
another, each of the connection points being connected to the emitter 
terminal of the transistor and the collector terminal of the transistor, and 
having another pair of connection points which are determined to be input 
and output points, at least a part of transistors and the diode bridge 
complying with the required specification of the power module are 
mounted on the substrate, at least a part of first diodes complying with the 
required specification of the power module are mounted on the substrate, 
and necessary jumper means are provided. Therefore, various power 
module can also and easily be realized which can satisfy the IEC regulation 
for harmonic current emissions. 

In the power module for AC/AC power conversion of the eighth aspect, the 
three phase converter comprises transistors serially connected to one 
another and the pair of first diodes forwardly connected for each phase, and 
pairs of second diodes each reversely connected between the emitter 
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terminal of the transistor and the collector terminal of the transistor, each 
pair of second diodes being serially connected to one another, at least a part 
of transistors and second diodes complying with the required specification 
of the power module are mounted on the substrate, at least a part of first 
diodes complying with the required specification of the power module are 
mounted on the substrate, and necessary jumper means are provided. 
Therefore, various power module can also and easily be realized which can 
satisfy the IEC regulation for harmonic current emissions. 
In the power module for AC/AC power conversion of the ninth aspect, the 
three phase converter comprises transistors serially connected to one 
another and the pair of first diodes forwardly connected for each phase, and 
pairs of second diodes each reversely connected between the emitter 
terminal of the transistor and the collector terminal of the transistor, each 
pair of second diodes being serially connected to one another, only at least 
a part of first diodes complying with the required specification of the power 
module are mounted on the substrate, and necessary jumper means are 
provided. Therefore, various power modules such as a power module for 
three phase - three phase conversion, a power module for single phase — 
three phase conversion, and the like, can easily be realized. 
In the power module for AC/AC power conversion of the tenth aspect, only 
at least a part of diodes are mounted on the substrate, and the reactor is 
connected outside of the exterior between the converter and the smoothing 
condenser. Therefore, harmonic components of power source are reduced 



15 



by the reactor. Also, operations and effects similar to those of the third 
aspect and sixth aspect can be realized. 

In the power module for AC/ AC power conversion of the eleventh aspect, 
only at least a part of first diodes are mounted on the substrate, and the 
reactor is connected outside of the exterior between the converter and the 
smoothing condenser. Therefore, harmonic components of power source 
are reduced by the reactor. Also, operations and effects similar to those of 
the ninth aspect can be realized. 

In the power module for AC/AC power conversion of the twelfth aspect, 
the reactor is connected in parallel to the converter, and the third diode is 
reversely connected between the reactor and the smoothing condenser. 
Therefore, step up-down in voltage can be realized. Also, operations and 
effects similar to those of the eighth aspect can be realized. 
In the power module for AC/ AC power conversion of the thirteenth aspect, 
the fourth diode is forwardly connected in parallel to the converter, and the 
reactor is connected between the fourth diode and the smoothing condenser. 
Therefore, stepping-down in voltage can be realized. Also, operations and 
effects similar to those of the eighth aspect can be realized. 
In the power module for AC/ AC power conversion of the fourteenth aspect, 
multiple converter components constituting a multiple phase converter, and 
multiple inverter components constituting a multiple phase inverter can be 
mounted on the substrate which has been formed necessary wirings, and at 
least a part of converter components, at least a part of smoothing 



16 



condensers, and at least a part of inverter components complying with 
required specification of the power module are mounted on the substrate, 
and the necessary jumper means are provided. Therefore, various power 
modules such as a power module for multiple phase - multiple phase 
conversion, a power module for single phase - multiple phase conversion, 
and the like, can easily be realized. 

In the power module for AC/ AC power conversion of the fifteenth aspect, 
the junction means is further comprised to which a smoothing condenser 
can be connected. Therefore, the power module can be dealt with a case 
where a smoothing condenser is required. Also, operations and effects 
similar to those of the fourteenth aspect can be realized. 
In the power module for AC/ AC power conversion of the sixteenth aspect, 
the three phase converter is employed as the multiple phase converter 
which can be mounted on the substrate, and the three phase inverter is 
employed as the multiple phase inverter which can be mounted on the 
substrate. Therefore, various power modules such as a power module for 
three phase - three phase conversion, a power module for single phase — 
three phase conversion, and the like, can easily be realized. 
In the power module for AC/AC power conversion of the seventeenth 
aspect, the three phase converter comprising the pair of transistors serially 
connected to one another for each phase, and the diodes each connected in 
parallel to each transistor, is employed as the three phase converter, at least 
a part of diodes and/or at least a part of transistors and diodes complying 
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with required specification of the power module are mounted on the 
substrate, and necessary jumper means are provided. Therefore, various 
power modules such as a power module for three phase - three phase 
conversion, a power module for single phase - three phase conversion, and 
the like, can easily be realized. 

In the power module for AC/AC power conversion of the eighteenth aspect, 
a three phase converter comprising the pair of transistors serially connected 
to one another for each phase, and diodes each connected in parallel to each 
transistor, is employed as the three phase inverter, at least a part of 
transistors and diodes complying with required specification of the power 
module are mounted on the substrate, and necessary jumper means are 
provided. Therefore, various power module can also and easily be 
realized which can satisfy the IEC regulation for harmonic current 
emissions. 

In the power module for AC/AC power conversion of the nineteenth aspect, 
the three phase converter comprising transistors serially connected to one 
another and the pair of first diodes reversely connected for each phase, and 
the diode bridge having the pair of connection points opposing to one 
another, each of the connection points being connected to the emitter 
terminal of the transistor and the collector terminal of the transistor, and 
having another pair of connection points which are determined to be input 
and output points, is employed as the three phase converter, at least a part 
of transistors, the diode bridge, and the first diodes complying with the 
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required specification of the power module are mounted on the substrate, 
and necessary jumper means are provided. Therefore, various power 
module can also and easily be realized which can satisfy the EEC regulation 
for harmonic current emissions. 

In the power module for AC/AC power conversion of the twentieth aspect, 
the three phase converter comprising transistors serially connected to one 
another and the pair of first diodes reversely connected for each phase, and 
the diode bridge having the pair of connection points opposing to one 
another, each of the connection points being connected to the emitter 
terminal of the transistor and the collector terminal of the transistor, and 
having another pair of connection points which are determined to be input 
and output points, is employed as the three phase converter, only at least a 
part of first diodes complying with the required specification of the power 
module are mounted on the substrate, and necessary jumper means are 
provided. Therefore, various power modules such as a power module for 
three phase - three phase conversion, a power module for single phase - 
three phase conversion, and the like, can easily be realized. 
In the power module for AC/AC power conversion of the 21st aspect, the 
three phase converter comprising transistors serially connected to one 
another and the pair of first diodes reversely connected for each phase, and 
the diode bridge having the pair of connection points opposing to one 
another, each of the connection points being connected to the emitter 
terminal of the transistor and the collector terminal of the transistor, and 
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having another pair of connection points which are determined to be input 
and output points, is employed as the three phase converter, at least a part 
of transistors and the diode bridge complying with the required 
specification of the power module are mounted on the substrate, at least a 
part of first diodes complying with the required specification of the power 
module are mounted on the substrate, and necessary jumper means are 
provided. Therefore, various power module can also and easily be 
realized which can satisfy the IEC regulation for harmonic current 
emissions. 

In the power module for AC/AC power conversion of the 22nd aspect, the 
three phase converter comprises transistors serially connected to one 
another and the pair of first diodes forwardly connected for each phase, and 
pairs of second diodes each reversely connected between the emitter 
terminal of the transistor and the collector terminal of the transistor, each 
pair of second diodes being serially connected to one another, is employed 
as the three phase converter, at least a part of transistors and second diodes 
complying with the required specification of the power module are 
mounted on the substrate, at least a part of first diodes complying with the 
required specification of the power module are mounted on the substrate, 
and necessary jumper means are provided. Therefore, various power 
module can also and easily be realized which can satisfy the IEC regulation 
for harmonic current emissions. 

In the power module for AC/ AC power conversion of the 23rd aspect, the 

20 



three phase converter comprising transistors serially connected to one 
another and the pair of first diodes forwardly connected for each phase, and 
pairs of second diodes each reversely connected between the emitter 
terminal of the transistor and the collector terminal of the transistor, each 
pair of second diodes being serially connected to one another, is employed 
as the three phase converter, only at least a part of first diodes complying 
with the required specification of the power module are mounted on the 
substrate, and necessary jumper means are provided. Therefore, various 
power modules such as a power module for three phase - three phase 
conversion, a power module for single phase — three phase conversion, and 
the like, can easily be realized. 

In the power module for AC/AC power conversion of the 24th or 25th 
aspect, only at least a part of diodes are mounted on the substrate, and 
junction means are provided for allowing the reactor being connected 
between the converter and the smoothing condenser. Therefore, harmonic 
components of power source are reduced by the reactor. Also, operations 
and effects similar to those of the seventeenth aspect and twentieth aspect 
can be realized. 

In the power module for AC/AC power conversion of the 26th aspect, only 
at least a part of first diodes are mounted on the substrate, and junction 
means are provided for allowing the reactor being connected between the 
converter and the smoothing condenser. Therefore, harmonic components 
of power source are reduced by the reactor. Also, operations and effects 
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similar to those of the 23rd aspect can be realized. 

In the power module for AC/ AG power conversion of the 27th aspect, the 
reactor is connected in parallel to the converter, and the third diode is 
reversely connected between the reactor and the smoothing condenser. 
Therefore, step up-down in voltage can be realized. Also, operations and 
effects similar to those of the 22nd aspect can be realized. 
In the power module for AC/ AC power conversion of the 28th aspect, the 
fourth diode is forwardly connected in parallel to the converter, and the 
reactor is connected between the fourth diode and the smoothing condenser. 
Therefore, stepping-down in voltage can be realized. Also, operations and 
effects similar to those of the 22nd aspect can be realized. 

Brief Description of the Drawings 

Figure 1 is an electric circuit diagram illustrating a conventional three 
phase - three phase power module; 

Figure 2 is a block diagram illustrating a conventional active filter power 
module; 

Figure 3 is an electric circuit diagram illustrating a basic topology of a first 
type of a power module; 

Figure 4 is a schematic diagram of an arrangement example of a first type 
of a power module; 

Figure 5 is a schematic diagram of another arrangement example of a first 
type of a power module; 
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Figure 6 is a schematic diagram of a further arrangement example of a first 
type of a power module; 

Figure 7 is a schematic diagram of a further arrangement example of a first 
type of a power module; 

Figure 8 is a schematic diagram of a further arrangement example of a first 
type of a power module; 

Figure 9 is a schematic diagram of a further arrangement example of a first 
type of a power module; 

Figure 10 is a schematic diagram of a further arrangement example of a 
first type of a power module; 

Figure 11 is a schematic diagram of a further arrangement example of a 
first type of a power module; 

Figure 12 is a schematic diagram of a further arrangement example of a 
first type of a power module; 

Figure 13 is an electric circuit diagram illustrating a basic topology of a 
second type of a power module; 

Figure 14 is a schematic diagram of an arrangement example of a second 
type of a power module; 

Figure 15 is a schematic diagram of another arrangement example of a 
second type of a power module; 

Figure 16 is a schematic diagram of a further arrangement example of a 
second type of a power module; 

Figure 17 is a schematic diagram of a further arrangement example of a 
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second type of a power module; 

Figure 18 is a schematic diagram of a further arrangement example of a 
second type of a power module; 

Figure 19 is a schematic diagram of a further arrangement example of a 
second type of a power module; 

Figure 20 is a schematic diagram of a further arrangement example of a 
second type of a power module; 

Figure 21 is an electric circuit diagram illustrating a basic topology of a 
third type of a power module; 

Figure 22 is a schematic diagram of an arrangement example of a third type 
of a power module; 

Figure 23 is a schematic diagram of another arrangement example of a 
third type of a power module; 

Figure 24 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 25 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 26 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 27 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 28 is a schematic diagram of a further arrangement example of a 
third type of a power module; 
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Figure 29 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 30 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 31 is a schematic diagram of a further arrangement example of a 
third type of a power module; 

Figure 32 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 4; 

Figure 33 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 5; 

Figure 34 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 6; 

Figure 35 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 7; 

Figure 36 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 8; 

Figure 37 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 9; 

Figure 38 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 10; 

Figure 39 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 11; 

Figure 40 is a schematic diagram of a modified example of the power 
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module illustrated in Fig. 12; 

Figure 41 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 14; 

Figure 42 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 15; 

Figure 43 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 16; 

Figure 44 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 1 7; 

Figure 45 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 18; 

Figure 46 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 19; 

Figure 47 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 20; 

Figure 48 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 22; 

Figure 49 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 23; 

Figure 50 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 24; 

Figure 51 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 26; 
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Figure 52 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 27; 

Figure 53 is a schematic diagram of a modified example of the power 
module illustrated in Fig. 28; 

Figure 54 is a schematic diagram of a modified example of the power 

module illustrated in Fig. 29. 

Best Mode for Carrying Out the Invention 

Hereinafter, referring to the attached drawings, we describe in detail a 
power module for AC/ AC power conversion of an embodiment according 
to the present invention. 

The present invention comprises three types of power modules for AC/ AC 
power conversion. 

(A) A first type of power module is based upon boost type topology. 

(B) A second type of power module is based upon boost three level type 
topology. 

(C) A third type of power module is based upon buck/boost current 
source type topology. 

Each of the proposed three power modules can be used in different 
situation by adding/removing respective necessary/unnecessary individual 
device. 

(A) The first type: 

Fig. 3 illustrates a basic power conversion module for converting a three 
phase AC power source with a constant voltage and constant frequency into 
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a three phase AC output power source with a variable voltage and variable 
frequency control system. The basic power conversion module comprises 
an AC/DC conversion section (converter) 10, a DC/AC conversion section 
(inverter) 20, a smoothing condenser 5 connected between the converter 10 
and the inverter 20, and reactors 6 each connected between the connection 
point of each pair of IGBT switches 1 of the converter 10 and the output 
terminal of each phase of the AC power source. And, a condenser 7 is 
connected between the input terminals, as it is required. 
The AC/DC conversion section (converter) 10 comprises three pairs of 
IGBT switches 1, each pair of IGBT switches being serially connected to 
one another and each pair of IGBT switches being connected in parallel to 
one another, and first diodes 2 each being connected in reversed polarity 
and in parallel to each IGBT switch 1 . 

The DC/ AC conversion section (inverter) 20 comprises three pairs of IGBT 
switches 3, each pair of IGBT switches being serially connected to one 
another and each pair of IGBT switches being connected in parallel to one 
another, and diodes 4 each being connected in reversed polarity and in 
parallel to each IGBT switch 3. 

As is illustrated in Fig. 4, the proposed three phase - three phase system is 
integrated into one module using surface mounted IGBT devices similar to 
the integrated IGBT standard module. The surface mounted IGBT device 
is designed according to the input and output requirements indicated in 
Table 1 
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Load side 


200V 


400V 


Power source side 


200V (Japan) 


Possible 


Possible 


400V (Europe) 


Impossible 


Possible 



The proposed three phase - three phase power module can be modified by 
changing only the type of a surface mounted power device according to the 
requirement of the following specific applications. A thick solid line 
represents a jumper line in each of the following figures, 

(1) A three phase - three phase power module of Fig. 4 is constituted of 
12 surface mounted diodes 2, 4 and surface mounted IGBT switches 1,3. 
A surface mounted smoothing condenser 5 on one side is omitted. By 
controlling the IGBT switches 1, 3, the harmonic component currents in 
grid side is reduced, the DC link voltage is controlled, and the power is 
regenerated from the load to the power source. 

A three phase - three phase power module of Fig. 32 is different from the 
three phase — three phase power module of Fig. 4 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, by controlling the IGBT switches 1, 3, the 
harmonic component currents in grid side is reduced, the DC link voltage is 
controlled, and the power is regenerated from the load to the power source. 

(2) A three phase - three phase power module of Fig. 7 is consisted of 6 
surface mounted diodes 2 on grid side as a converter 10, and 4 surface 
mounted diodes 4 and surface mounted IGBT switches 3 on load side as an 
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inverter 20. The arrangement is employed for applications which take 
only efficiency into consideration. A reactor 8 is connected from outside 
between the converter 10 and the smoothing condenser 5 instead 
connecting the reactor 6 on the input side of the converter 10. 
A three phase - three phase power module of Fig. 35 is different from the 
three phase - three phase power module of Fig. 7 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the arrangement is also employed for 
applications which take only efficiency into consideration. 
(3) A three phase - three phase power module of Fig. 5 is consisted of 10 
surface mounted IGBT switches 1,3. 6 IGBT switches among 10 IGBT 
switches are in a converter 10 on grid side, while remaining 4 IGBT 
switches 3 are in an inverter 20 on load side. By controlling the IGBT 
switches 1,3, the harmonic component currents in grid side is reduced, the 
DC link voltage is controlled, and the power is regenerated from the load to 
the power source. 

Also, the switching loss is reduced and the efficiency is increased by 
decreasing the IGBT switches 3 on load side by 2. 

A three phase - three phase power module of Fig. 33 is different from the 
three phase - three phase power module of Fig. 5 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). 

Therefore, by controlling the IGBT switches 1, 3, the harmonic component 
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currents in grid side is reduced, the DC link voltage is controlled, and the 
power is regenerated from the load to the power source. 
Also, the switching loss is reduced and the efficiency is increased by 
decreasing the IGBT switches 3 on load side by 2. 

(4) A three phase - three phase power module of Fig. 6 is consisted of 8 
surface mounted IGBT switches 1, 3. 4 IGBT switches among 8 IGBT 
switches are in a converter 10 on grid side, while remaining 4 IGBT 
switches 3 are in an inverter 20 on load side. The voltage multiplying 
operation can be carried out because 2 smoothing condensers 5 are serially 
connected to one another. 

By controlling the IGBT switches 1, 3, the harmonic component currents in 
grid side is reduced, the DC link voltage is controlled, and the power is 
regenerated from the load to the power source. 

Also, the switching loss is reduced and the efficiency is increased by 
decreasing the IGBT switches 3 on load side and load side by 4. 
A three phase - three phase power module of Fig. 34 is different from the 
three phase - three phase power module of Fig. 6 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). 

Therefore, by controlling the IGBT switches 1,3, the harmonic component 
currents in grid side is reduced, the DC link voltage is controlled, and the 
power is regenerated from the load to the power source. 
Also, the switching loss is reduced and the efficiency is increased by 
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decreasing the IGBT switches 3 on load side and load side by 4. 
The above three phase - three phase power module can be modified into a 
single phase - three phase power module by changing only the type of a 
surface mounted power device according to the requirement of the 
following specific applications. 

(1) A single phase - three phase power module of Fig. 8 is constituted of 
4 surface mounted diodes 2 of a converter 10 on grid side, and 6 surface 
mounted diodes 4 and 6 surface mounted IGBT switches 3 of an inverter 20 
on load side. As is illustrated in Fig. 8, the power module uses the voltage 
doubling topology to increase the output voltage (a pair of surface mounted 
smoothing condensers 5 are serially connected to one another). The 
single phase — three phase power module is employed for applications in 
which input power source is low (for example, 100V in Japan) and the IEC 
regulation is not effective. A reactor 8 is connected from outside between 
the converter 10 and the smoothing condenser 5 instead connecting the 
reactor 6 on the input side of the converter 10. 

A single phase - three phase power module of Fig. 36 is different from the 
single phase - three phase power module of Fig. 8 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the single phase - three phase power module is 
employed for applications in which input power source is low (for example, 
100V in Japan) and the IEC regulation is not effective. 

(2) A single phase - three phase power module of Fig. 9 is constituted of 
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4 surface mounted diodes 2 of a converter 10 on grid side, and 6 surface 
mounted diodes 4 and 6 surface mounted IGBT switches 3 of an inverter 20 
on load side. 

Therefore, the single phase - three phase power module is employed for 
applications in which the IEC regulation is not effective. A reactor 8 is 
connected from outside between the converter 10 and the smoothing 
condenser 5 instead connecting the reactor 6 on the input side of the 
converter 10. 

A single phase - three phase power module of Fig. 37 is different from the 
single phase - three phase power module of Fig. 9 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the single phase - three phase power module is 
employed for applications in which the IEC regulation is not effective. A 
reactor 8 is connected from outside between the converter 10 and the 
smoothing condenser 5 instead connecting the reactor 6 on the input side of 
the converter 10. 

(3) A single phase - three phase power module of Fig. 10 is constituted of 
2 surface mounted diodes 2 and 2 surface mounted IGBT switches 1 of a 
converter 10 on grid side, and 6 surface mounted diodes 4 and 6 surface 
mounted IGBT switches 3 of an inverter 20 on load side. As is illustrated 
in Fig. 10, the power module uses the voltage doubling topology to 
increase the output voltage (a pair of surface mounted smoothing 
condensers 5 are serially connected to one another). The single phase - 
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three phase power module is employed for applications in which input 
power source is low (for example, 100V in Japan) and the IEC regulation is 
effective. 

A single phase - three phase power module of Fig, 38 is different from the 
single phase - three phase power module of Fig. 10 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the single phase - three phase power module is 
employed for applications in which input power source is low (for example, 
100V in Japan) and the IEC regulation is effective. 

(4) A single phase - three phase power module of Fig. 1 1 is constituted of 
4 surface mounted IGBT switches 1 and 4 surface mounted diodes 2 of a 
converter 10 on grid side, and 6 surface mounted diodes 4 and 6 surface 
mounted IGBT switches 3 of an inverter 20 on load side. 

Therefore, the single phase - three phase power module is employed for 
applications in which the IEC regulation is not effective. 
A single phase - three phase power module of Fig. 39 is different from the 
single phase - three phase power module of Fig. 11 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the single phase - three phase power module is 
employed for applications in which the IEC regulation is not effective. 

(5) A single phase - three phase power module of Fig. 12 is constituted of 
2 surface mounted diodes 2 and 2 surface mounted IGBT switches 1 of a 
converter 10 on grid side, and 4 surface mounted diodes 4 and 4 surface 
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mounted IGBT switches 3 of an inverter 20 on load side. As is illustrated 
in Fig. 12, the power module uses the voltage doubling topology to 
increase the output voltage (a pair of surface mounted smoothing 
condensers 5 are serially connected to one another). The single phase - 
three phase power module is employed for applications in which input 
power source is low (for example, 100V in Japan) and the EEC regulation is 
effective. 

A single phase - three phase power module of Fig. 40 is different from the 
single phase - three phase power module of Fig. 12 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the single phase - three phase power module is 
employed for applications in which input power source is low (for example, 
100V in Japan) and the IEC regulation is effective. 

Fig. 13 illustrates a basic power conversion module for converting a three 
phase AC power source with a constant voltage and constant frequency into 
a three phase AC output power source with a variable voltage and variable 
frequency control system. In the basic power conversion module, a 
converter 10 on grid side is constituted of serially connection of one IGBT 
switch 11 and two reverse connection diodes 12 for each phase, and 
providing a diode bridge 13 which is connected its one pair of opposing 
connection points to the emitter terminal, collector terminal of the IGBT 
switch 1 1 and is determined its another pair of opposing connection points 
to be an input terminal, output terminal. And, a pair of smoothing 
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condensers 5 are serially connected to one another for carrying out the 
voltage multiplying operation. An arrangement of an inverter 20 on load 
side is the same as that of the power module of Fig. 4. Therefore, 
description of the inverter 20 is omitted. 

As is illustrated in Fig. 14, the proposed three phase - three phase system is 
integrated into one module using surface mounted IGBT devices similar to 
the integrated IGBT standard module. The surface mounted IGBT device 
is designed according to the input and output requirements indicated in 



Table 2 





Load side 


200V motor 


400V motor 


Power source side 


200V (Japan) 


Possible 


Possible 


400V (Europe) 


Possible 


Possible 



The proposed three phase - three phase power module can be modified by 
changing only the type of a surface mounted power device according to the 
requirement of the following specific applications. 

(1) A three phase - three phase power module of Fig. 14 is constituted of 
18 surface mounted diodes 12, 13 and 3 surface mounted IGBT switches 11 
of a converter on grid side, and 6 surface mounted diodes 4 and 6 surface 
mounted IGBT switches 3 of an inverter 20 on load side. By controlling 
the surface mounted IGBT 11, the harmonic component currents on grid 
side are reduced, and the DC link voltage is controlled to reduce the rated 
current of the IGBT switch 11 of the inverter 20 on load side. 
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A three phase - three phase power module of Fig. 41 is different from the 
three phase - three phase power module of Fig. 14 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, by controlling the surface mounted IGBT 1 1 , the 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled to reduce the rated current of the IGBT switch 1 1 of 
the inverter 20 on load side. 

(2) A three phase — three phase power module of Fig. 1 5 is constituted of 
6 surface mounted diodes 2 of a converter 10 on grid side, and 6 surface 
mounted diodes 4 and 6 surface mounted IGBT switches 3 of an inverter 20 
on load side. The three phase - three phase power module is employed 
for applications which take only efficiency into consideration. A reactor 8 
is connected from outside between the converter 10 and the smoothing 
condenser 5 instead connecting the reactor 6 on the input side of the 
converter 10. 

A three phase - three phase power module of Fig. 42 is different from the 
three phase - three phase power module of Fig. 15 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the three phase - three phase power module is 
employed for applications which take only efficiency into consideration. 
A reactor 8 is connected from outside between the converter 10 and the 
smoothing condenser 5 instead connecting the reactor 6 on the input side of 
the converter 10. 
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(3) A three phase - three phase power module of Fig. 16 is constituted of 
18 surface mounted diodes 12, 13 and 3 surface mounted IGBT switches 11 
of a converter 10 on grid side, and 4 surface mounted diodes 4 and 4 
surface mounted IGBT switches 3 of an inverter 20 on load side, and a pair 
of smoothing condensers 5 for voltage doubling. By controlling 3 surface 
mounted IGBT 11, the harmonic component currents on grid side are 
reduced, and the DC link voltage is controlled to reduce the rated current of 
the IGBT switch of the inverter 20 on load side. And, the switching loss 
is reduced and the efficiency is increased by reducing the number of IGBT 
switches 3 of the inverter 20 on load side. 

A three phase - three phase power module of Fig. 43 is different from the 
three phase - three phase power module of Fig. 16 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, by controlling 3 surface mounted IGBT 11, the 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled to reduce the rated current of the IGBT switch of the 
inverter 20 on load side. 

(4) A three phase — three phase power module of Fig. 17 is constituted of 
12 surface mounted diodes 12, 13 and 2 surface mounted IGBT switches 11 
of a converter 10 on grid side, and 6 surface mounted diodes 4 and 6 
surface mounted IGBT switches 3 of an inverter 20 on load side, and a pair 
of smoothing condensers 5 for voltage doubling. By controlling 2 surface 
mounted IGBT 11, the harmonic component currents on grid side are 
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reduced, and the DC link voltage is controlled to reduce the rated current of 
the IGBT switch of the inverter 20 on load side. And, the switching loss 
is reduced and the efficiency is increased by reducing the total number of 
active switches of the converter 10 on grid side. 

A three phase - three phase power module of Fig. 44 is different from the 
three phase - three phase power module of Fig. 17 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, by controlling 2 surface mounted IGBT 11, the 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled to reduce the rated current of the IGBT switch of the 
inverter 20 on load side. And, the switching loss is reduced and the 
efficiency is increased by reducing the total number of active switches of 
the converter 10 on grid side. 

The three phase — three phase power module can be modified into a single 
phase - three phase power module by changing only the type of a surface 
mounted power device according to the requirement of the following 
specific applications. 

(1) A single phase - three phase power module of Fig. 18 is constituted of 
8 surface mounted diodes 12, 13 and one surface mounted IGBT switch 11 
of a converter 10 on grid side, and 6 surface mounted diodes 4 and 6 
surface mounted IGBT switches 3 of an inverter 20 on load side, and a pair 
of smoothing condensers 5 for voltage doubling. By controlling one 
surface mounted IGBT 11, the harmonic component currents on grid side 
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are reduced, and the DC link voltage is controlled to reduce the rated 
current of the IGBT switch 3 and diode 4 of the inverter on load side. 
And, the single phase - three phase power module is employed for low 
input voltage applications in which the IEC regulation is effective. 
A single phase - three phase power module of Fig. 45 is different from the 
single phase - three phase power module of Fig. 18 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, by controlling one surface mounted IGBT 11, the 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled to reduce the rated current of the IGBT switch 3 and 
diode 4 of the inverter on load side. And, the single phase - three phase 
power module is employed for low input voltage applications in which the 
IEC regulation is effective. 

(2) A single phase - three phase power module of Fig. 19 is constituted of 
4 surface mounted diodes 12 of a converter 10 on grid side, and 6 surface 
mounted diodes and 6 surface mounted IGBT switches 3 of an inverter 20 
on load side. Therefore, the single phase - three phase power module is 
employed for applications in which the IEC regulation is not effective. A 
reactor 8 is connected from outside between the converter 10 on grid side 
and the smoothing condenser 5 instead connecting the reactor 6 on the 
input side of the converter 10 on grid side. 

A single phase - three phase power module of Fig. 46 is different from the 
single phase - three phase power module of Fig. 19 only in that the 
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smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, the single phase - three phase power module is 
employed for applications in which the IEC regulation is not effective. A 
reactor 8 is connected from outside between the converter 10 on grid side 
and the smoothing condenser 5 instead connecting the reactor 6 on the 
input side of the converter 10 on grid side. 

(3) A single phase - three phase power module of Fig. 20 is constituted of 
8 surface mounted diodes 12, 13 and one surface mounted IGBT switch 11 
of a converter 10 on grid side, and 4 surface mounted diodes 4 and 4 
surface mounted IGBT switches 3 of an inverter 20 on load side. By 
controlling one surface mounted IGBT 11, the harmonic component 
currents on grid side are reduced, and the DC link voltage is controlled to 
reduce the rated current of the IGBT switch 3 and diode 4 of the inverter 20 
on load side. The switching loss is reduced and the efficiency is increased 
by reducing the total number of active switches on both sides. And, the 
single phase — three phase power module is employed for low input voltage 
applications in which the IEC regulation is effective. 

A single phase - three phase power module of Fig. 47 is different from the 
single phase - three phase power module of Fig. 20 only in that the 
smoothing condenser 5 is connected from outside through junction sections 
(lead wires). Therefore, by controlling one surface mounted IGBT 11, the 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled to reduce the rated current of the IGBT switch 3 and 
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diode 4 of the inverter 20 on load side. The switching loss is reduced and 
the efficiency is increased by reducing the total number of active switches 
on both sides. And, the single phase - three phase power module is 
employed for low input voltage applications in which the DEC regulation is 
effective. 

Fig. 21 illustrates a basic power conversion module for converting a three 
phase AC power source with a constant voltage and constant frequency into 
a three phase AC output power source with a variable voltage and variable 
frequency control system. The basic power conversion module is 
different from the basic power conversion module of Fig. 13 in that a pair 
of diodes 14 for forward connection are employed instead the diodes 12 for 
reverse connection, a pair of diodes 15 are provided instead the diode 
bridge 13, the pair of diodes 15 being serially and reversely connected 
between the emitter terminal, collector terminal of the IGBT switch 11, and 
the pair of diodes 15 being connected its connection terminal to the reactor 
on input side, a reactor 16 is connected in parallel to the serial circuit 
constituted of the surface mounted IGBT switch 11 and a pair of diodes 14 
for forward connection, and a diode 17 for reverse connection is provided 
which is connected between the reactor 16 and the smoothing condenser 5. 
As is illustrated in Fig. 22, the proposed three phase - three phase system is 
integrated into one module using surface mounted IGBT devices and diode 
devices similar to the integrated IGBT standard module. The surface 
mounted IGBT device and diode device are designed according to the input 
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and output requirements indicated in Table 3. 



Table 3 





Load side 


200V (motor) 


400V (motor) 


Power source side 


200V (Japan) 


Possible 


Possible 


400V 

(Europe and others) 


Possible 


Possible 



The proposed three phase - three phase power module can be modified by 
changing only the type of a surface mounted power device according to the 
requirement of the following specific applications. 

(1) A three phase - three phase power module illustrated in Fig. 22 
comprises 13 surface mounted diodes 14, 15 and 3 surface mounted IGBT 
switches 11 on grid side for constituting a back boost type of converter 10, 
and 6 surface mounted diodes 4 and 6 surface mounted IGBT switches 3 
for an inverter 20 on load side. By controlling 3 IGBT switches 11, 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled from zero volts to a voltage exceeding the maximum 
input voltage so as to assume the pulse amplitude modulation (PAM). By 
increasing the DC voltage within the high power region, the rated current 
of the IGBT switch 3 of the inverter on load side and the rated current of 
the diode 4 of the inverter on load side are reduced. A reactor 16 is 
connected in parallel to the serial circuit constituted of the surface mounted 
IGBT switch 1 1 and a pair of diodes 14 for forward connection, and a diode 
17 is reversely connected between the reactor 16 and the smoothing 
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condenser 5. Therefore, step up-down operations can be carried out, A 
reactor 6 is connected in the input side, and a condenser 7 is connected 
between terminals on input side, 

A three phase - three phase power module of Fig. 48 is different from the 
three phase - three phase power module of Fig. 22 only in that the 
smoothing condenser 5 and the reactor 16 are connected from outside 
through the junction sections (lead wires). Therefore, by controlling 3 
IGBT switches 11, harmonic component currents on grid side are reduced, 
and the DC link voltage is controlled from zero volts to a voltage exceeding 
the maximum input voltage so as to assume the pulse amplitude modulation 
(PAM). By increasing the DC voltage within the high power region, the 
rated current of the IGBT switch 3 of the inverter on load side and the rated 
current of the diode 4 of the inverter on load side are reduced. A reactor 
16 is connected in parallel to the serial circuit constituted of the surface 
mounted IGBT switch 11 and a pair of diodes 14 for forward connection, 
and a diode 17 is reversely connected between the reactor 16 and the 
smoothing condenser 5. Therefore, step up-down operations can be 
carried out. A reactor 6 is connected in the input side, and a condenser 7 
is connected between terminals on input side. 

(2) A three phase - three phase power module illustrated in Fig. 23 
comprises 13 surface mounted diodes 14, 15 and 3 surface mounted IGBT 
switches 11 on grid side for constituting a back type of converter 10, and 6 
surface mounted diodes 4 and 6 surface mounted IGBT switches 3 on load 
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side. By controlling 3 IGBT switches 11, harmonic component currents 
on grid side are reduced, and the DC link voltage is controlled from zero 
volts to a voltage exceeding the maximum input voltage so as to assume the 
pulse amplitude modulation (PAM), and by increasing the DC voltage 
within the high power region, the rated current of the IGBT switch 3 of the 
inverter on load side and the rated current of the diode 4 of the inverter on 
load side are reduced. A diode 18 is connected in parallel to the serial 
circuit constituted of the surface mounted IGBT switch 11 and a pair of 
diodes 14 for forward connection, and a reactor 19 is connected between 
the diode 18 and the smoothing condenser 5. Therefore, stepping-down 
operation can be carried out. A reactor 6 is connected in the input side, 
and a condenser 7 is connected between terminals on input side. 
A three phase — three phase power module of Fig. 49 is different from the 
three phase — three phase power module of Fig. 23 only in that the 
smoothing condenser 5 is connected from outside through the junction 
sections (lead wires). Therefore, by controlling 3 IGBT switches 11, 
harmonic component currents on grid side are reduced, and the DC link 
voltage is controlled from zero volts to a voltage exceeding the maximum 
input voltage so as to assume the pulse amplitude modulation (PAM). By 
increasing the DC voltage within the high power region, the rated current 
of the IGBT switch 3 of the inverter on load side and the rated current of 
the diode 4 of the inverter on load side are reduced. A diode 18 is 
connected in parallel to the serial circuit constituted of the surface mounted 
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IGBT switch 11 and a pair of diodes 14 for forward connection, and a 
reactor 19 is connected between the diode 18 and the smoothing condenser 
5. Therefore, stepping-down operation can be carried out. A reactor 6 is 
connected in the input side, and a condenser 7 is connected between 
terminals on input side, 

(3) A three phase - three phase power module illustrated in Fig. 24 is 
constituted of 6 surface mounted diodes 14 of a converter 10 on grid side, 
and 6 surface mounted diodes 4 on load side and 6 surface mounted IGBT 
switches 3 on load side. The three phase - three phase power module is 
employed for applications in which only efficiency is taken into 
consideration. A reactor 8 is connected from outside between the 
converter 10 on grid side and the smoothing condenser 5, instead providing 
the reactor 6 on input side of the converter 10 on grid side. 

A three phase — three phase power module of Fig. 50 is different from the 
three phase - three phase power module of Fig. 24 only in that the 
smoothing condenser 5 is connected from outside through the junction 
sections (lead wires). Therefore, the three phase - three phase power 
module is employed for applications in which only efficiency is taken into 
consideration. A reactor 8 is connected from outside between the 
converter 10 on grid side and the smoothing condenser 5, instead providing 
the reactor 6 on input side of the converter 10 on grid side. 

(4) A three phase - three phase power module illustrated in Fig. 25 is an 
extended version of the circuit of Fig. 23. Specifically, a reactor 18 and a 
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smoothing condenser 5 are omitted. It is employed for fully removing a 
reactor and a condenser from the circuit topology. The three phase - three 
phase power module is proposed for applications in which TEC regulation 
is effective. 

The proposed three phase - three phase power module can be modified to a 
single phase - three phase power module by changing only the type of a 
surface mounted power device according to the requirement of the 
following specific applications. 

(1) A single phase - three phase power module of Fig. 26 comprises 8 
surface mounted diodes 14, 15 and 2 surface mounted IGBT switches 1 1 on 
grid side for constituting a back boost type of converter 10, and 6 surface 
mounted diodes 4 and 6 surface mounted IGBT switches 3 for an inverter 
20 on load side. By controlling 2 IGBT switches 11, harmonic component 
currents on grid side are reduced, and the DC link voltage is controlled for 
reducing the rated current of the IGBT and the diode of the inverter on load 
side for applications in which IEC regulation is effective. A reactor 16 is 
connected in parallel to the serial circuit constituted of the surface mounted 
IGBT switch 1 1 and a pair of diodes 14 for forward connection, and a diode 
17 is reversely connected between the reactor 16 and the smoothing 
condenser 5. Therefore, step up-down operations can be carried out. A 
reactor 6 is connected in the input side, and a condenser 7 is connected 
between terminals on input side. 

A single phase - three phase power module of Fig. 5 1 is different from the 
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single phase — three phase power module of Fig. 26 only in that the 
smoothing condenser 5 and the reactor 16 are connected from outside 
through the junction sections (lead wires). Therefore, by controlling 2 
IGBT switches 11, harmonic component currents on grid side are reduced, 
and the DC link voltage is controlled for reducing the rated current of the 
IGBT and the diode of the inverter on load side for applications in which 
IEC regulation is effective. A reactor 16 is connected in parallel to the 
serial circuit constituted of the surface mounted IGBT switch 1 1 and a pair 
of diodes 14 for forward connection, and a diode 17 is reversely connected 
between the reactor 16 and the smoothing condenser 5. Therefore, step 
up-down operations can be carried out. A reactor 6 is connected in the 
input side, and a condenser 7 is connected between terminals on input side. 
(2) A single phase - three phase power module of Fig. 27 comprises 8 
surface mounted diodes 14, 15 and 2 surface mounted IGBT switches 11 on 
grid side for constituting a back type of converter 10, and 6 surface 
mounted diodes 4 and 6 surface mounted IGBT switches 3 for an inverter 
20 on load side. By controlling 2 IGBT switches 11, harmonic component 
currents on grid side are reduced, and the DC link voltage is controlled for 
reducing the rated current of the IGBT and the diode of the inverter on load 
side for applications in which IEC regulation is effective. A diode 1 8 is 
connected in parallel to the serial circuit constituted of the surface mounted 
IGBT switch 11 and a pair of diodes 14 for forward connection, and a 
reactor 19 is reversely connected between the diode 18 and the smoothing 
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condenser 5. Therefore, stepping-down operation can be carried out. A 
reactor 6 is connected in the input side, and a condenser 7 is connected 
between terminals on input side. 

A single phase - three phase power module of Fig. 52 is different from the 
single phase - three phase power module of Fig. 27 only in that the 
smoothing condenser 5 is connected from outside through the junction 
sections (lead wires). Therefore, stepping-down operation can be carried 
out. A reactor 6 is connected in the input side, and a condenser 7 is 
connected between terminals on input side. 

(3) A single phase - three phase power module of Fig. 28 comprises 6 
surface mounted diodes 14, 15 and one surface mounted IGBT switch 11 
on grid side for constituting a back boost type of converter 10, and 6 
surface mounted diodes 4 and 6 surface mounted IGBT switches 3 for an 
inverter 20 on load side. By controlling one IGBT switch 11, harmonic 
component currents on grid side are reduced, and the DC link voltage is 
controlled for reducing the rated current of the IGBT and the diode of the 
inverter on load side for applications in which IEC regulation is effective. 
A reactor 16 is connected in parallel to the serial circuit constituted of the 
surface mounted IGBT switch 11 and a pair of diodes 14 for forward 
connection, and a diode 17 is reversely connected between the reactor 16 
and the smoothing condenser 5. Therefore, step up-down operations can 
be carried out. A reactor 6 is connected in the input side, and a condenser 
7 is connected between terminals on input side. 
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A single phase - three phase power module of Fig. 53 is different from the 
single phase - three phase power module of Fig. 28 only in that the 
smoothing condenser 5 and the reactor 16 are connected from outside 
through the junction sections (lead wires). Therefore, step up-down 
operations can be carried out. A reactor 6 is connected in the input side, 
and a condenser 7 is connected between terminals on input side. 
(4) A single phase - three phase power module of Fig. 29 comprises 6 
surface mounted diodes 14, 15 and one surface mounted IGBT switch 11 
on grid side for constituting a back type of converter 10, and 6 surface 
mounted diodes 4 and 6 surface mounted IGBT switches 3 for an inverter 
20 on load side. By controlling one IGBT switch 11, harmonic 
component currents on grid side are reduced, and the DC link voltage is 
controlled for reducing the rated current of the IGBT and the diode of the 
inverter on load side for applications in which IEC regulation is effective. 
A diode 18 is connected in parallel to the serial circuit constituted of the 
surface mounted IGBT switch 11 and a pair of diodes 14 for forward 
connection, and a reactor 19 is reversely connected between the diode 18 
and the smoothing condenser 5. Therefore, stepping-down operation can 
be carried out. A reactor 6 is connected in the input side, and a condenser 
7 is connected between terminals on input side. 

A single phase - three phase power module of Fig. 54 is different from the 
single phase - three phase power module of Fig. 29 only in that the 
smoothing condenser 5 is connected from outside through the junction 
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sections (lead wires). Therefore, stepping-down operation can be carried 
out. A reactor 6 is connected in the input side, and a condenser 7 is 
connected between terminals on input side. 

(5) A single phase - three phase power module illustrated in Fig. 30 is an 
extended version of the circuit of Fig. 27. Specifically, a smoothing 
condenser 5 and a reactor 19 are omitted. It is employed for fully 
removing a reactor and a condenser from the circuit topology for 
applications in which IEC regulation is effective. 

(6) A single phase - three phase power module illustrated in Fig. 31 
comprises 4 surface mounted diodes 14 for a converter 10 on grid side, and 
6 surface mounted diodes 4 and 6 surface mounted IGBT switches 3 for an 
inverter 20 on load side. The single phase - three phase power module is 
employed for applications in which only efficiency is taken into 
consideration. A reactor 8 is connected from outside between the 
converter 10 on grid side and the smoothing condenser 5, instead providing 
the reactor 6 in input side of the converter 10 on grid side. 

The control of the converter and the control of the inverter in each of the 
above power modules are known from the past, therefore detailed 
description is omitted. 

The first aspect has characteristic effect such that various power modules 
such as a power module for multiple phase - multiple phase conversion, a 
power module for single phase - multiple phase conversion, and the like, 
can easily be realized. 
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The second aspect has characteristic effect such that various power 
modules such as a power module for three phase - three phase conversion, 
a power module for single phase - three phase conversion, and the like, can 
easily be realized. 

The third aspect has characteristic effect such that various power modules 
such as a power module for three phase - three phase conversion, a power 
module for single phase - three phase conversion, and the like, can easily 
be realized. 

The fourth aspect has characteristic effect such that various power module 
can also and easily be realized which can satisfy the IEC regulation for 
harmonic current emissions. 

The fifth aspect has characteristic effect such that various power module 
can also and easily be realized which can satisfy the IEC regulation for 
harmonic current emissions. 

The sixth aspect has characteristic effect such that various power modules 
such as a power module for three phase - three phase conversion, a power 
module for single phase - three phase conversion, and the like, can easily 
be realized. 

The seventh aspect has characteristic effect such that various power module 
can also and easily be realized which can satisfy the IEC regulation for 
harmonic current emissions. 

The eighth aspect has characteristic effect such that various power module 
can also and easily be realized which can satisfy the IEC regulation for 
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harmonic current emissions. 

The ninth aspect has characteristic effect such that various power modules 
such as a power module for three phase - three phase conversion, a power 
module for single phase - three phase conversion, and the like, can easily 
be realized. 

The tenth aspect has characteristic effect such that harmonic components of 
power source are reduced by the reactor. Also, effects similar to those of 
the third aspect or sixth aspect can be realized. 

The eleventh aspect has characteristic effect such that harmonic 
components of power source are reduced by the reactor. Also, effects 
similar to those of the ninth aspect can be realized. 

The twelfth aspect has characteristic effect such that step up-down in 
voltage can be realized. Also, effects similar to those of the eighth aspect 
can be realized. 

The thirteenth aspect has characteristic effect such that stepping-down in 
voltage can be realized. Also, effects similar to those of the eighth aspect 
can be realized. 

The fourteenth aspect has characteristic effect such that various power 
modules such as a power module for multiple phase — multiple phase 
conversion, a power module for single phase - multiple phase conversion, 
and the like, can easily be realized. 

The fifteenth aspect has characteristic effect such that various power 
' modules such as a power module for three phase - three phase conversion, 
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a power module for single phase - three phase conversion, and the like, can 
easily be realized. 

The sixteenth aspect has characteristic effect such that various power 
modules such as a power module for three phase - three phase conversion, 
a power module for single phase - three phase conversion, and the like, can 
easily be realized. 

The seventeenth aspect has characteristic effect such that various power 
modules such as a power module for three phase — three phase conversion, 
a power module for single phase - three phase conversion, and the like, can 
easily be realized. 

The eighteenth aspect has characteristic effect such that various power 
module can also and easily be realized which can satisfy the IEC regulation 
for harmonic current emissions. Also, effects similar to those of the 
sixteenth aspect can be realized. 

The nineteenth aspect has characteristic effect such that various power 
module can also and easily be realized which can satisfy the IEC regulation 
for harmonic current emissions. Also, effects similar to those of the 
sixteenth aspect can be realized. 

The twentieth aspect has characteristic effect such that various power 
modules such as a power module for three phase - three phase conversion, 
a power module for single phase - three phase conversion, and the like, can 
easily be realized. 

The 21st aspect has characteristic effect such that various power module 
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can also and easily be realized which can satisfy the IEC regulation for 
harmonic current emissions. Also, effects similar to those of the sixteenth 
aspect can be realized. 

The 22nd aspect has characteristic effect such that various power module 
can also and easily be realized which can satisfy the IEC regulation for 
harmonic current emissions. Also, effects similar to those of the sixteenth 
aspect can be realized. 

The 23 rd aspect has characteristic effect such that various power modules 
such as a power module for three phase - three phase conversion, a power 
module for single phase — three phase conversion, and the like, can easily 
be realized. 

The 24th and 25th aspects have characteristic effect such that harmonic 
components of power source are reduced by the reactor. Also, effects 
similar to those of the seventeenth aspect or twentieth aspect can be 
realized. 

The 26th aspect has characteristic effect such that harmonic components of 
power source are reduced by the reactor. Also, effects similar to those of 
the 23rd aspect can be realized. 

The 27th aspect has characteristic effect such that step up-down in voltage 
can be realized. Also, effects similar to those of the 22nd aspect can be 
realized. 

The 28th aspect has characteristic effect such that stepping-down in voltage 
can be realized. Also, effects similar to those of the 22nd aspect can be 
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realized. 
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